Indium Gallium Nitride ( ) thin film was grown on the / − substrate using an RF magnetron sputter under condition of different substrate temperatures. Various experimental measurements were taken to comprehend effects of substrate temperature on the structure of thin film and results were analyzed. Grazing mode of XRD results confirmed that thin film has a hexagonal structure with (002) plane for 500℃ and 600 ℃ substrate temperature. It was seen that structural parameters of thin film show a change with substrate temperature change. Reasons were discussed. Strain and stress values in thin film were calculated from experimental results and it was found that all thin film has compressive stress. Morphological parameters of thin film were measured by AFM and it was understood that these properties are varied by changing substrate temperature. Also, growth mode of some thin film was obtained to be layer-plus-island mode (Stranski-Krastanov growth mode), others was obtained to be layer by layer growth mode (Frank van der Merwe mode). SEM evaluation gives that increasing substrate temperature worsened the surface structure of thin film; it is compatible with and supports XRD results. Compositional values in thin film were found from XPS analysis. In addition to our material, carbon and oxygen have also been obtained from XPS results, as expected. Detailed morphological and structural properties of thin films have been seen to change with changing substrate temperature and we believe this plays an important role in production of based optoelectronic devices.
Introduction
One of the material groups that play an crucial role in application and development of optoelectronic, high temperature electronics [1] is known as III-nitrite semiconductors [2, 3] with direct-wide band gap ~0.65 − 6.2 .
(Indium Gallium Nitride), one of the most important nitride group materials, has physical properties that are important for photovoltaic device technology. These properties are followings; high absorption coefficient, good resistance of irradiance, having direct-band gap. Due to these advantageous properties, it is used in laser diodes, in tunnel field effect transistor [4] , in Light Emitting Diode (LED) [5, 6] , in tandem solar cell, in photonic integration, in electroluminescent devices. To produce high quality thin film; many techniques can be benefitted;, Sputtering [7] , Metal Organic Chemical Vapor Deposition (MOCVD), Thermionic Vacuum Arc (TVA) [8] , catalyst-assisted growth, Atomic Layer Deposition (ALD). Many thin film research grown by sputtering method have been published in the past and can be found. Qixin Guo et al. studied that thin film was produced onto substrate using reactive magnetron sputter. RF power effects on indium composition in film was researched. They found that it can be controlled by RF power. Also, they used the technique that has advantage such as low cost with high quality deposition. Dong-Hau Kuo et al. investigated that 1− with doped was grown onto Si substrate using reactive sputter. They produced − 0.05 0.95 / − junction diode with 2.7 × 10 −6 (current of leakage), 1.8 (breakdown voltage), 30 − 110 ( varies series voltages). They used norde model to calculate diode parameters and concluded that the diodes have good physical parameters [9] . Thi Tran Anh Tuan et al. reported that − / − heterojunction diode was produced with magnetron sputter. They detailed investigated that temperature effects on electrical parameters on diode produced. Diodes that they produced has avantage usable in cost-effective power electronics [10] .
In this study, the effects of substrate temperature on growth mechanism, structural and morphological properties of thin films deposited on / − substrates by means of RF magnetron sputtering were examined. The novelty aspect of this study is based on two main factors. One is that in our detailed literature review (as mentioned above), although there has been many publications related to thin film growth and characterization, the impacts of substrate temperature effects on growth and characterization of thin films onto / − substrate with RF magnetron sputtering was not studied. Other is that the growth technique (RF magnetron sputtering) which we used in this study has some advantages such as safety, low cost and shorter growth time when compared to other techniques (e.g. Molecular Beam Epitaxy). These plus aspects are important for both researchers and industry.
Materials and Methods

Growth of thin film
Thin film growth was done with Radio Frequency (RF) magnetron sputtering, which is one of physical deposition techniques. Basically, the mechanism of this system is plasma based deposition operation in which energetic ions accelerate towards the target. Ions hit the target; atoms have sputtered from surface of target. These atoms have moved towards surface of substrate, and thin film was formed with providing condensation there. As Direct Current and Radio Frequency mode, there are two modes. Radio Frequency sputter method was used at non-conductive material; DC sputtering method was used at conductive material. Radio Frequency magnetron sputter method has advantage that magnets better has ionized material in electric and magnetic field and has allowed material to pass into plasma form. It was benefitted Radio Frequency magnetron sputter (PVD-Midas 3M model (System number: VK-1601-2)) to grow thin film at DAYTAM (Center of East Anatolian High-Technology Research and Application). Technical parameters of the machine we use are given follows; ultimate vacuum pressure is ≤ 5 10 −8 , substrate rotation is 3 − 30
; substrate size is about 4 − 8 ℎ diameter, control is provided as fully automatic, substrate heating maximum is 800℃. To remove defects (oxygen and other gases), it was used and a mechanical pump, a turbo molecular pump mounted on our system. We purchased
as target with purity 99.95% (Lot no: 22709-16-01) from ACI Alloys, Inc. The / − thin film we used as substrate material was previously produced and published as an article [3] . Respectively, the following steps were followed before growth. Substrates are cleaned using ( 4 ) 2 treatments ( ( 4 ) 2 for 1 min., DI (Deionize Water) of 60 second, dry of 2 , detailed cleaning process summarized to referred [11] ). After that; substrates were placed in the growth plate and left into the sputter machine. To research substrate temperature effects, 500 ℃ , 600 ℃, 700 ℃ substrate temperature were applied to system at each separate experiment. Detailed growth conditions of thin films for different substrate temperature were given in Table 1 . Schematic view of structure of thin film was given in Figure 1 . For all of growth, cleaning and preparation processes, we used ISO 3 (International Organization for Standardization) class cleaning room at DAYTAM.
Characterization of thin film
In order to characterize the produced thin films, following experimental methods were conducted; Atomic Force Microscopy (AFM), X-ray Diffraction (XRD), X-ray Photoelectron Spectroscopy (XPS), Field Emission Scanning Electron Microscopy (FE-SEM), Surface Profile Metrology P7 (KLA-tensor). PANalytical X-ray Diffraction System (Empyrean model) has been examined ( = 1.5406 ° ) to look at structure thin films. Compositional properties of material were operated by X ray Photoelectron Spectroscopy (XPS). Morphological analysis of thin film was studied using AFM-500II. Field-Emission Scanning Electron Microscopy (FE-SEM) (Zeiss Sigma300model) was investigated to analyze morphological and surface of thin film. thin film's thicknesses was measured using Surface Profile Metrology P7 (KLA-tensor). Also, we measured thicknesses of thin film at RF magnetron sputter sensor. By comparing these values, calibration of RF magnetron sputter sensor value were done with profile meter.
thin film thickness was 120 for all substrate temperatures. All experimental measurements were obtained from advanced spectroscopy laboratory at DAYTAM (Center of East-Anatolian High-Technology Research, Application). Figure 2 gives Grazing mode of XRD spectrums of / / − thin film for different substrate temperature. It was observed peaks of 33.03°, 32.97° for 500 ℃, 600℃ substrate temperature, which are corresponded to (002) planes of hexagonal (PDF code: 98-018-1363 from Inorganic Crystal Structure Database (ICSD). And also, we detected no peak for 700℃ substrate temperature growth condition, showing in Figure 2 . This result proves that our film structure is amorphous. XRD peaks of and of − already published in our previous work [3] . It was seen that peaks of 33.15° were shifted to 33.03° and 32.97° for (002) plane of hexagonal . It was thought that these shifts are caused by impurities and defects in the film during growth. With the help of Scherer's relation, grain sizes of thin films can be found;
Results and Discussion
XRD analysis
shows Bragg's diffraction angle, shows the X-ray wavelength, shows full width of half maximum intensity. Grain sizes ( ) of our film was computed with highest peak intensity. Structural parameters of / / − thin film using RF magnetron sputter at different substrate temperature were given in Table 2 . XRD result proves that by increasing the substrate temperature from 500 ℃ to 600 ℃, FWHM value has increased and grain size of the thin film has decreased. It has resulted in deterioration in crystal quality of thin film. When substrate temperature was 700 ℃ degrees beyond 600 ℃ , the thin film structure starts to deteriorate and becomes amorphous. As a result; it was understood structure of thin films with increment of substrate temperature has deteriorated. When reasons of this deterioration were examined, the following analysis was reached. Increase of substrate temperature mainly affects increment of two competing factors. One is that increasing substrate temperature increases mobility of atoms. Other factor is that increasing substrate temperature increases grainlike, island structures on thin film. Which of these factors is dominant is related to the deterioration or development of the structure of the film. In our thin film, increasing substrate temperature predominantly increases of grainlike, island structures on thin film. Therefore, it was concluded that our thin film has deteriorated structurally. It was understood that better crystallizing in structure of / / − thin film has been achieved under 500 ℃ substrate temperature and worse crystallizing (which means amorphous phase) in structure of / / − thin film has been achieved under 700 ℃ substrate temperature. By using Bragg equation (formula 2) and formula 3, lattice parameters and can be calculated; 
refers space of lattice, refers wavelength of -ray source, ℎ refers miller indices, ℎ refers reflection angle from ℎ miller indices, and refer lattice parameters at hexagonal materials. Table 2 gives all of lattice parameters of thin film. By using formula (4), out-of-plane strain and in-plane strain is computed;
and means out-of-plane strain and in-plane strain, 0 and 0 lattice parameters of stress free ( 0 = 0.5399 , 0 = 0.33300 [12] ). Out of plane strain ( ) of thin film for (002) plane were found as 0.0037 , 0.0002 under condition of 500 ℃ , 600℃ substrate temperature. In-plane strain ( ) of thin film for (002) plane has been determined to be −0.0034 , −0.0069, for 500 ℃ , 600℃ substrate temperature growth condition. The minus sign means that the value of the lattice parameters is reduced and this indicates compressive stress. Strain and stress values in / / − thin films for different substrate temperature were given in Table 3 . With the help of formula (5) and formula (6) [13] , in-plane stress ( ) of thin film can be calculated;
and refer out-of-plane strain and in-plane strain, ʋ shows poisson ratio, (375. 8 ) indicates Young Modulus of (from reported study of [14] ). In plane stress of ( ) thin film for (002) plane was found to be −1.97, −2.55, under condition of 500 ℃, 600 ℃ substrate temperature. XRD results prove that thin films have compressive stress. When the causes of this stress in thin film are investigated, the following evaluations can be reached. The three main factors are evaluated to cause stress. One is that lattice parameters difference between and . Stress in thin film will happen due to the difference in the lattice parameters while growing onto / − .Other factor is that thermal expansion coefficients difference between and . Thin film is expanded in ratio of thermal expansion coefficient because thermal constants of them are different, when film is cooled down; stress is occurred in thin film. Another factor is that stress in thin film has originated from impurity and defect in film during growth. In the past studies, it has been reported that the stress in thin film is important when producing optoelectronic devices based on thin film. Compressive stress reasons separation layer in device and buckling, eventually short circuit problem in devices [15] . It has been emphasized that it is important to produce structurally better quality thin films to obtain a better quality optoelectronic device based on thin film. As a result, the change in crystal structure of thin films were detected by changing the substrate temperature and substrate temperature was found playing an important role in production of better quality thin film. (002) ----
AFM analysis
AFM picture of / / − thin films for different substrate temperature growth condition is displayed in Figure 3 . The maximum height of thin film were measured to be 5.498 nm (the highest value) corresponding to 500 ℃ substrate temperature. The maximum height of were measured to be 1.204 nm (lowest value) related to 600 ℃ substrate temperature. Maximum depth ( ) of thin films were obtained to be 2.712 nm (lowest value) related to 600 ℃ substrate temperature. Maximum depth ( ) of thin films were attained as 5.455 nm (highest value) corresponding to 500 ℃ substrate temperature. We had highest average absolute slope (∆ ) as 16.22° related to 700 ℃ substrate temperature. from AFM measurements. The lowest average absolute slope has been measured to be 12.59° corresponding to 600 ℃ substrate temperature. The highest root mean square (RMS) roughness were measured as 2.220 corresponding to 500 ℃ substrate temperature, whereas the lowest root mean square (RMS) roughness were measured as 0.856 corresponding to 600 ℃ substrate temperature, as given in Figure 4 . Detailed morphological parameters of thin film is given in Table 4 . Increased substrate temperature from 500 ℃ to 600 ℃ leads to smoother surface with 1.067 , displaying that surface of thin film grown as Frank-van der Merwe mode (layer by layer growth mode). But; increased substrate temperature from 600 ℃ to 700℃ has resulted in rougher surface with 0.789
, displaying that surface of thin film grown as Stranski-Krastanov mode (layer plus island growth mode). Highest average roughness were found as 1.772 nm related to 500 ℃ substrate temperature, but lowest average roughness was found to be 0.705 nm related to 600 ℃ substrate temperature. It was seen that increasing substrate temperature from 500℃ to 600℃ give rise to decrease in average roughness of thin film, while increasing substrate temperature from 600℃ to 700℃ give rise to increase in average roughness of thin films.
In thin film-based optoelectronic device applications, in some cases, high surface roughness and in some cases low surface roughness is preferred. One study shows rough surface is contributed to improvement of light extraction of thin film LED because of increased light extraction ability of micro rough surface which implies a roughness role on optical properties of materials [16] . On the other hand; different study shows increasing roughness of interface for the / hetero-structure leads to a reduction in mobility and that interface roughness role on the electrical properties of the device has emerged [17] . It should be noted that it is important to decide which device you prefer and which features of this device when you want to select a rougher or smoother surface for thin film surface property. Except for 700 ℃ substrate temperature growth condition, AFM figure shows periodic arrangement of grain with almost homogeneous, nano-structured thin films surface. We concluded that morphological parameters of thin film show non-linear variation with substrate temperature. Figure 5 gives SEM images of / / − thin films for different substrate temperature growth condition. Before taking measurements, it was covered our sample with 5 gold. The reason for doing this is to prevent the accumulation of excess electron on thin film surface and is good conductivity of gold. In growth condition of 500 ℃ substrate temperature, thin film surface shows almost homogeneous and granular structure with few agglomerations on surface. These agglomerations can be related to Van-der waals forces between particle. Past study shows indium aggregation at / multiple quantum wells resulted in mounds, forming localized states for trapping carriers. Thus; increased indium aggregation could improve luminescence efficiency [18] . When substrate temperature is increased from 500 ℃ to 600 ℃, thin film surface still shows almost homogeneous and granular and nano-structure but with more agglomerations on surface. When substrate temperature is increased from 600 ℃ to 700 ℃, thin film surface displays dislocations on the surface. They are separated from each other in the form of islets and surface structure of the thin film is distorted. Literature work shows that dislocations could contribute to relaxation of / quantum dots [19] . Consequently, increasing substrate temperature worsened the surface structure of thin film. Substrate temperature has been found to have an effective role in the surface structure of thin film. These results are consistent with XRD results. 
SEM analysis
XPS analysis
X-ray photoelectron spectroscopy (XPS) is the experimental method used for the analysis of the surface chemistry of the sample to be measured. This method is capable of measuring chemical state, the formula, composition, electronic state of element. XPS survey spectrum of / / − thin film is given in Figure 6 . From our survey spectrum, we had twelve photoelectron peaks following elements-core levels;
2 , 2 , (Auger electron energies of the elements, KLL transtion), 3 , 1 , 3 , (Auger electron energies of the elements, LMM transition), [20] . XPS parameters of thin film can be found in Table 5 . In this table, it has been seen 1 and 1 at % 1.563 and % 5.077 as elemental. The reason why carbon and oxygen are seen in our thin film can be explained as follows. No matter how much vacuum we do in our chamber (in our system), we will always have oxygen and carbon in it and expect it to be a certain amount in our film. XPS result is in good agreement by XRD result.
films can be controlled with playing with substrate temperature, which is proves that substrate temperature is crucial role on growth of thin film. It was inferred that this result can be important to produce better quality based optoelectronic device.
